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sity of taking a delayed sample, with better accuracy thanQuest for postdialysis urea rebound-equilibrated Kt/V with
eKt/V or especially Kt/V-Smye. This may be related to a partic-only intradialytic urea samples.
Background. Postdialysis urea rebound (PDUR) is a cause ular urea kinetics curve on the longer dialysis duration, which
of Kt/V overestimation when it is calculated from predialysis needs to be studied further.
and the immediate postdialysis blood urea collections. Measur-
ing PDUR requires a 30- or 60-minute postdialysis sampling,
which is inconvenient. Several methods had been devised for
a reasonable approach to determine PDUR-equilibrated Kt/V Postdialysis urea rebound (PDUR) is due to the inter-
in short dialysis without the need for a delayed sample. The compartmental equilibration of urea during hemodialy-aim of our study was to compare these different Kt/V methods
sis and supports the concept of an intradialytic two-poolduring the longer eight-hour hemodialysis sessions, and to de-
termine the optimum intradialytic urea sample time that fits model to calculate the dialysis dose. These compartments
best with PDUR. are considered to be extracellular and intracellular [1],
Methods. The study included 21 patients (mean age 71.9 or as corresponding to disparate regional blood flow [2].years) who were hemodialyzed for 60 6 60 months at three
PDUR occurs after 30 to 90 minutes of short or standardtimes eight hours weekly, using bicarbonate dialysate and cellu-
losic membranes. Blood urea samples were obtained at onset, hemodialysis (HD) sessions [3–11] and after 60 minutes
and then at 17, 33, 50, 66, 75, 80, 85, and 100% of the dialysis in long eight-hour HD sessions [12].
session times, after 30 seconds of low flow, and then at 60- The urea dialysis index, Kt/V, has become the yard-minutes postdialysis. All patients had a meal during dialysis.
stick of dialysis quantitation. The most commonly usedWe compared four different formulas of Kt/V [(a) Kt/V-Smye
with a 33% dialysis time urea sample, (b) two-pool equilibrated formulas are based on predialysis and postdialysis urea
eKt/V, (c) Kt/V-std (Daugirdas-2) obtained with an immediate samples that ignore PDUR, which leads to a 12 to 40%
postdialytic sample, and (d) the different intradialytic urea overestimation of the standard Kt/V [4, 5, 8, 12]; how-samples for Kt/V (50, 66, 75, 80, and 85% of dialysis time)] with
ever, avoiding the recirculation error by low- or stop-the equilibrated 60-minute PDUR Kt/V (Kt/V-r-60) formula as
the reference method. flow methods [7, 13] reduces postdialysis urea inaccu-
Results. The mean PDUR was 17.2 6 9%, leading to an racy. Because a delay of 30 to 60 minutes after dialysis
overestimation of Kt/V-std by 12.2%. Kt/V-r-60 was 1.68 6 before sampling the urea is inconvenient for both the0.34. Kt/V-std was 1.88 6 0.36 (D 5 12.2 6 4.8%, r 5 0.8).
clinician and patient, several methods have been devisedeKt/V was 1.77 6 0.3 (D 5 5 6 5%, r 5 0.96), and Kt/V-Smye
was 1.79 6 0.47 (D 5 5.2 6 14%, r 5 0.9). The best time for to predict the PDUR-equilibrated Kt/V. The first is
the intradialytic sampling was 80% (that is, at 6 hr and 24 min). based on the standard single-pool Daugirdas Kt/V model
The Kt/V-80 was 1.64 6 0.3 and was best fitted with Kt/V-r- that takes into account the dialysis time, which evolved60 (D 5 21.8 6 8%, r 5 0.91). The mean intradialytic urea
into a double-pool Kt/V (eKt/V) formula [7, 14]. Theevolution showed a three-exponential rate, in discrepancy with
the two-exponential rate theoretical model. second, according to Smye et al [4], Daugirdas et al [13],
Conclusions. These results confirm that a significant postdi- Tattersall et al [15], and Maduell et al [16], is based on
alysis rebound exists in an eight-hour dialysis. An intradialytic an intradialytic urea sample at 33% of the session time.urea sample taken at 80% of the total session time permits an
Finally, other methods use a urea sample taken 30 min-estimation of the 60-minute Kt/V-rebound without the neces-
utes before the end of the hemodialysis session, which
corresponds to the 30-minute PDUR [6, 17].Key words: urea kinetics, post-dialysis urea rebound, adequacy of dial-
The aim of our study was to determine an adequateysis, dialysis dose.
time for intradialytic urea sampling that has the best 60-
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METHODS RESULTS
This study was performed in 21 patients after they The mean ultrafiltration rate was 0.23 6 0.08 liter/hr.
gave informed consent. These included 5 males and 16 The interdialytic weight gain was 1.3 6 0.6 kg, that is,
females who had a mean age of 71.9 6 8 years and who 2 6 0.9% of dry body wt in kg. Dry weight was 68.6 6
were hemodialyzed for a mean of 60 6 60 (range, 6 14 kg, and UVd was 36.4 6 6.2 l (53%). The mean
to 125) months prior to the study. The patients’ initial predialysis PAS was 126.3 6 30 mm Hg, and PAD was
nephropathies were: three interstitial nephritis, three po- 67 6 18 mm Hg. The mean postdialysis PAS was 113.6 6
lycystosis, five nephrosclerosis, three glomerulonephri- 27 mm Hg, and PAD was 59.3 6 12 mm Hg. URR was
tis, three diabetes, and four undetermined causes. The 78.7 6 6%, and nPCR was 1.08 6 0.3.
residual renal function was always negligible. Patients Blood urea kinetics are shown in Figure 1, and the
were dialyzed three times a week for eight hours on logarithmic scale is displayed in Figure 1B. Urea levels
conventional bicarbonate HD using 0.9 to 1.8 m2 cellu- are shown in Table 1. The urea sample taken at 80% of
losic membrane dialyzers. The blood flow rate was 220
the session time (4.77 mmol/liter 6 2.1 at 6 hr and 24
ml/min, and the dialysate flow was 500 ml/min. Vascular
min) was very close to 60-minute PDUR (4.73 6 2.2,accesses were native arteriovenous fistulas with two nee-
D 5 20.02 6 0.5 mmol/liter, r 5 0.97). Thus, this sampledles. None of the patients were on antihypertensive med-
was chosen among all of the intradialytic samples forication. The mean hematocrit was 32%. Five patients
the Kt/V comparison and was termed Kt/V-80. Ureawere treated with recombinant human erythropoietin
equilibrated (Smye) at 33% was 4.58 6 3 mmol (D 5(rHuEPO).
0.15 6 1.2, r 5 0.8 with 60-min PDUR). The PDURMeasurements were taken during a midweek dialysis
was 0.68 6 0.41 mmol/liter, that is, 17.2 6 9% of thesession. All of the patients had a meal during the first
postdialysis urea and 4.3 6 2% of URR. PDUR wasfour hours of the session. Blood urea samples (1 ml/
significantly but poorly correlated with URR (r 5 0.46,sample) were drawn predialysis and at 17, 33, 50, 66, 75,
P 5 0.01), with Kt/V-std (r 5 0.38, P 5 0.05), and with80, 85, and 100% of the eight-hour session time, after a
nPCR (r 5 0.48, P 5 0.02).30-second low flow in order to minimize recirculation
A comparison between the different Kt/V methods iserror. The delayed urea sample was obtained 60 minutes
displayed in Table 2.after disconnection from the dialyzer. Blood samples
Kt/V-r-60 was 1.68 6 0.34 and had been comparedwere drawn from the arterial port of the dialysis line
during and after dialysis. The arterial line was left in with (a) Kt/V-std, 1.88 6 0.36 (Fig. 2; two points fell out
place during 60 minutes after disconnection. The labora- of the mean 6 2 sd); (b) Kt/V-80, 1.64 6 03 (Fig. 3; one
tory urea dosage was performed using an enzymatic col- point fell out 6 2 sd). (c) eKt/V, 1.77 6 0.3 (Fig. 4; one
orimetric technique (Merck MEGA, Darmstadt, Ger- point fell out 6 2 sd); and (e) Kt/V-Smye, 1.79 6 0.47
many). The variation coefficient between the two (Fig. 5; two points fell out 6 2 sd).
samples was 3.32% for a mean of 3.41 mmol/liter and The best agreement was found with Kt/V-80 and to
1.26% for 34.3 mmol/liter. a lesser degree with eKt/V. The difference between
We measured the ultrafiltration rate, the predialysis Kt/V-r-60 and Kt/V-80 was correlated only to the ultra-
and postdialysis weights, and the predialysis and postdi- filtration rate (r 5 0.42, P 5 0.05) and to the initial blood
alysis systolic (PAS) and diastolic (PAD) arterial pres- urea level (r 5 0.42, P 5 0.05).
sures. We calculated the standard urea reduction ratio According to this urea kinetic analysis, a blood sample
(URR), normalized protein catabolic rate (nPCR), urea taken 30 minutes before the session ends [6, 17] does
distribution volume (UVd; Watson, Watson and Batt
not fit well with PDUR. Considering that 30 minutes
method) [18], standard Kt/V (Daugirdas 2, Kt/V-std
represents 12.5% of a standard four-hour dialysis, a sam-method) [19], eKt/V (Daugirdas and Schneditz) [14],
ple taken at 87.5% (seventh hour) of the eight-hourequilibrated 33% urea and derived Kt/V-Smye [4, 13,
dialysis does not fit with PDUR.15], and the 60-minute PDUR Kt/V (Kt/V-r-60) (see
Figure 1 displays the experimental and the two expo-Appendix for the formulas). The recirculation rate was
nential rate theoretical urea kinetic data reported bymeasured during the preceding session using the low-
Depner for short dialysis [21]. Our data show that theflow method.
urea disappearance curve diverges from the expectedThe different Kt/V calculations were compared with
one after 75% (six hours) of an eight-hour dialysis ses-Kt/V-r-60, which was considered to be the reference
sion. This is well illustrated by the logarithmic scale trans-method. The correlation coefficient was computed, and
formation (Fig. 1B) with a three exponential rate.the agreement was tested by plotting the difference
The mean protein food intake was 46 g during a mealagainst the mean using the Bland-Altman method [20].
Results are expressed in mean 6 sd. (that is, 255 mmol urea) containing 800 calories.
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Fig. 1. (A) Evolution of mean blood urea
concentration during eight hours (in percent-
age of time) with postdialysis rebound at 60
minutes (115%). The dashed line represents
the theoretical ideal curve. (B) Evolution of
mean blood urea concentration during eight
hours (in percentage of time) with postdialysis
rebound at 60 minutes (115%) on a log scale
(thick line). The three exponential rates are
shown (dashed line).
Table 1. Evolution of blood urea concentrations during an eight hour dialysis session
Time % T-0 T-17 T-33 T-50 T-66 T-75 T-80 T-85 T-100 T-115
Urea mmol /liter 19.167 12.564 1063 7.263 5.662 562 4.762 4.562 462 4.762
Time (T) is expressed in percentage of dialysis session. The PDUR at 60 min post-dialysis and then at 115%.
Table 2. Comparison between the reference post-dialytic 60 min-equilibrated Kt/V (Kt/V-r-60) and other methods: Kt/V 2nd generation
Daugirdas (Kt/V-std), same Kt/V formula using urea sample at 80% of dialysis time, eKt/V and Kt/V-Smye formula
Kt/V method Reference Value D % P Mean difference
Kt/V-r-60 [20] 1.6860.34 — — —
Kt/V-std [19] 1.8860.36 12.264.8 ,0.001 0.260.1
Kt/V-80 [11] 1.6460.3 21.868 0.03 20.0360.3
eKt/V [14] 1.7760.3 565 0.005 0.0960.18
Kt/V-Smye [4, 13, 15] 1.79 60.4 5.261.4 0.0005 0.1160.5
Data are means 6 sd.
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DISCUSSION
These results confirm our preliminary data on an eight-
hour dialysis [12]. In the two studies with different pa-
tients, PDUR amounts to 17% and leads to a similar
Kt/Voverestimation (12.2 and 12%, respectively). These
results are also consistent with standard four-hour HD
in the literature [3, 5, 8, 11, 16]. In this study, as in
others [1, 11], PDUR appears to correlate with Kt/V.
An important point is that the Kt/V achieved for an
Fig. 2. Bland-Altman plot showing the mean of (Kt/V-r-60 and Kt/V- eight-hour dialysis (1.7) is much higher than the normalstd) compared with the difference between means.
value in patients on a shorter HD (0.9 to 1.3). Thus, the
relative weight of a 12% Kt/V overestimation is quite
different in standard and long HD sessions.
Our first study showed that a 60-minute postdialysis
urea sample allowed for a corrected approach of the net
PDUR (that is, experimental PDUR minus the expected
urea generation) [12]. This net-PDUR-Kt/V (1.7 6 0.37)
matched closely with the 60-minute PDUR global
Kt/V (1.65 6 0.33, r 5 0.98, P , 0.00001), with a slight
underestimation for the higher values (. 1.9). Our study
was conducted to determine how this 60-minute equili-
brated PDUR could be predicted without having to take
a final urea sample an hour after the patient had com-
pleted the dialysis session. The blood urea kinetic study
Fig. 3. Bland-Altman plot showing the mean of (Kt/V-r-60 and Kt/V-
showed that a sample taken at 80% of dialysis time, that80) compared with the difference between means.
is, approximately six hours and thirty minutes after onset
of dialysis, fit best with a 60-minute PDUR.
The 80% sample Kt/V also fits better with Kt/V-r-60
than the Smye 33%-equilibrated sample or the equili-
brated eKt/V formula. The accuracy of the Smye method
has also been challenged by others [16]; however, these
results do not agree with most of the literature [10, 22],
which find a good agreement between PDUR Kt/V and
the Smye or eKt/V formula methods. The Daugirdas
eKt/V formula has been validated in a short 2- to 4.5-
hour dialysis schedule.
We could not confirm that a urea sample collected 30
minutes before the end of the dialysis session allows a
Fig. 4. Bland-Altman plot showing the mean of (Kt/V-r-60 and prediction of PDUR, as has been reported by others
eKt/V) compared with the difference between means.
[6, 17] for a shorter dialysis. This can be understood
considering the different dialysis schedules (four hr vs.
eight hr) and rebound times (30 min vs. 60 min).
Studying urea kinetics, Depner showed that the initial
slope, best seen on a log scale, is linked to the intercom-
partmental urea disequilibrium and parallels the re-
bound [21]. The decreasing blood urea curve does not
fit with the expected two exponential models because of
the relatively increased urea level during the last two
hours, leading to three exponential rates. This phenome-
non was observed in all of the patients when looking
at individual urea curves, as in other studies with urea
samples taken at 30-minute intervals (unpublished data
from our laboratory). Several explanations are possibleFig. 5. Bland-Altman plot showing the mean of (Kt/V-r-60 and Kt/V-
smye) compared with the difference between means. for this late third compartment. We think that the sponta-
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